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ARCHAEOLOGICAL RECORD OF NATIVE FISHES OF THE
LOWER COLORADO RIVER: HOW TO IDENTIFY THEIR REMAINS
Kenneth W. Gobalet1, Thomas A. Wake2, and Kalie L. Hardin1
ABSTRACT.—Archaeological sites in the Salton Basin of southeastern California and along the lower Colorado River
provided opportunities to determine which fish species were present prior to extirpations, environmental degradation,
and the recession of Lake Cahuilla. These remains also represent the fishes exploited by Native Americans. Bonytail
(Gila elegans), razorback sucker (Xyrauchen texanus), Colorado pikeminnow (Ptychocheilus lucius), striped mullet (Mugil
cephalus), and machete (Elops affinis) have been recovered from 117 sites in the Salton Basin, once filled by the Colorado River forming Lake Cahuilla. Bonytail and razorback sucker comprise nearly 99% of the remains. Along the lower
Colorado River itself, fragmentary elements of bonytail, razorback sucker, Colorado pikeminnow, and roundtail chub (G.
robusta) have been recovered, documenting a disappearing native fish fauna. Anatomical details are described that permit identification of diagnostic materials commonly recovered during archaeological excavations.
Key words: bonytail, Gila elegans, razorback sucker, Xyrauchen texanus, Colorado pikeminnow, Ptychocheilus lucius,
roundtail chub, Gila robusta, zooarchaeology, Salton Basin, Lake Cahuilla, lower Colorado River, Native American fisheries.

The lower Colorado River is the portion of
the river below Lee’s Ferry (Stanford and Ward
1986a). Lee’s Ferry is located just above the
Grand Canyon and below Lake Powell. The
flow of the river has been significantly altered
with the construction of hundreds of reservoirs (Stanford and Ward 1986b) as well as by
disruptive forces associated with rapid urban
growth (Dolan et al. 1974, Mueller and Marsh
2002). These environmental changes have been
so dramatic that Mueller and Marsh (2002:2)
have called the lower Colorado River “one of
the few rivers in the world with an entirely introduced fish fauna.” Fish surveys of the lower
Colorado River basin have been different in
focus and create uncertainties regarding which
species reside in the main channel, an important consideration for conservation and restoration efforts.
Moyle (2002) listed only 5 native fishes from
the California portion of the Colorado River
(Table 1). Two of the native species, bonytail
(Gila elegans) and Colorado pikeminnow (Ptychocheilus lucius), are extirpated in California.
The razorback sucker (Xyrauchen texanus) is
at risk of extinction, and only the striped mullet (Mugil cephalus), a marine species that
enters freshwater to feed, is in reasonable
health (Moyle 2002). Minckley (1979), Miller

(1961), Stanford and Ward (1986c), and Mueller
and Marsh (2002) listed between 9 and 12
species (but slightly different lists) that are
restricted to the main channel. The issue of
which species were present in the prehistoric
lower Colorado River is further complicated
by taxonomic problems regarding the Gila
robusta complex (Douglas et al. 2001). Rinne
(1976) recognized at least 4 forms present in
the lower Colorado River basin in addition to
humpback chub (G. cypha) that are restricted
to the Grand Canyon. Remains of humpback
chub were identified from caves below and in
the Grand Canyon (Miller 1955, Miller and
Smith 1984), raising questions regarding its
prehistoric range.
Archaeological excavations are useful in
establishing which fish species were prehistorically present in freshwater drainages (Gobalet 1990a, 1990b) and are now possibly the
only resources we have to the past to determine which species were present in any given
locality where baseline surveys are incomplete
or lacking. Environmental data derived from
the archaeological record thus provide a control for conservation and habitat restoration
efforts. Fortunately, hundreds of archaeological sites exist along the Colorado River and
within the Salton Basin.
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Lake Cahuilla, a massive lake 185 km by 56
km by 91 m deep (Hubbs and Miller 1948,
Wilke 1978), formed on at least 5 separate
occasions in the Salton Basin of southeastern
California when the Colorado River periodically changed its course (Waters 1983; Fig. 1).
Nearly 99% of the 17,000 fish remains identified to species from 96 archaeological sites in
the Salton Basin were bonytail or razorback
sucker (Gobalet 1992, 1994, Gobalet and Wake
2000). Remaining elements were from Colorado pikeminnow, striped mullet, machete
(Elops affinis), and possibly desert pupfish
(Cyprinodon macularius; Gobalet and Wake
2000). Because Stanford and Ward (1986c) and
Minckley (1979) reported roundtail chub (G.
robusta) and flannelmouth sucker (Catostomus
latipinnis) from the main channel of the Colorado River, it is logical that each would have
been present in Lake Cahuilla along with the
tiny woundfin (Plagopterus argentissimus) and
Gila topminnow (Peociliopsis occidentalis). If
they were in the local waters, one could surmise that they would be in Native American
middens as well. This study was undertaken to
determine if additional species were present
in the lower Colorado River prehistorically as
reflected by archaeological remains from 22
recent excavations on the lower Colorado River
and in the Salton Basin, and to provide anatomical characters used in making the determinations.
METHODS AND MATERIALS
Comparative specimens and archaeological
materials used in this study are listed under
Materials Examined. Names of fishes follow
Nelson et al. (2004) except Siphates bicolor
(tui chub), which follows Moyle (2002) and
Smith et al. (2002).
Characters described below for vertebrae
anterior to the caudal peduncle are general
ones that distinguish minnows from suckers.
In the Salton Basin and along the lower Colorado River they are useful because diagnostic
elements suggest that a single cyprinid (bonytail) and a single sucker (razorback sucker)
dominated the fauna. Another large cyprinid,
Colorado pikeminnow, is easily distinguishable
from bonytail (see below), and all elements are
too large to be from diminutive woundfin,
another cyprinid. Skeletal features that distinguish bonytail from roundtail chub are subtle
(see below).
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RESULTS

Salton Basin and
Colorado River Sites
Razorback sucker, bonytail, Colorado pikeminnow, striped mullet, and machete remains
have been identified at the 22 unreported sites
in the Salton Basin when considered collectively (Table 2). More than 98% of these 4869
remains identified to species are from razorback sucker (73.6%) and bonytail (24.9%). Razorback sucker, bonytail, Colorado pikeminnow,
and roundtail chub were all represented at
IMP-7911 on the Colorado River (Table 3).
Distinguishing Between
Bonytail and Razorback
Sucker Remains
Although numerous skeletal elements can
be used to distinguish bonytail from razorback
sucker material, vertebrae are most likely to
be encountered, as are pharyngeals and unique
interneurals of razorback sucker. Diagnostic
elements not considered include dentary,
anguloarticular, maxilla, quadrate, hyomandibula, palatine, basioccipital, vomer, cleithrum,
coracoid, plural rib, and dorsal elements of the
axial skeleton associated with the Weberian
apparatus. These bones are rarely complete and
fragmentary remains require experience to
recognize.
Precaudal vertebrae bear a neural arch and
spine but no hemal arch or spine (Fig. 2). Caudal vertebrae have both neural and hemal
arches and spines (Fig. 3). Precaudal vertebrae
of bonytail can be distinguished from those of
razorback sucker by the presence of a narrow
strut interconnecting the parapophysis found
on the ventral portion of the lateral surface of
the centrum with the base of the neural spine
(Fig. 2). The strut projects lateral to the edge
of the outer rim of the ends of the centra.
Parapophyses (the bases to which the ribs
attach to precaudal vertebrae) are rarely found
in place in archaeological materials, and the
strut interconnects the neural arch with the
dorsal boundary of the recess into which the
cone-shaped parapophysis fits. In razorback
sucker there occasionally may be a strut in the
recess dorsal to the parapophysis recess, but
the reduced strut does not extend beyond the
lateral perimeter of the centrum.
Caudal vertebrae (anterior to the caudal
peduncle) of bonytail have a posterolateral
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TABLE 1. Native fishes of the lower Colorado River. Miller (1961) documented fishes from the lower Colorado and Gila
Rivers near Yuma, AZ; Moyle (2002) the California portion of the Colorado River; Minckely (1979), Stanford and Ward
(1986c), and Mueller and Marsh (2002) the main channel. “E” indicates that the species is extirpated from the main
channel in California.
Species
Gila cypha
G. elegans
G. robusta
Plagopterus argentissimus
Ptychocheilus lucius
Rhinichthys osculus
Catostomus latipinnis
Xyrauchen texanus
Cyprinodon macularius
Poeciliopsis occidentalis
Elops affinis
Mugil cephalus

Common name
humpback chub
bonytail
roundtail chub
woundfin
Colorado pikeminnow
speckled dace
flannelmouth sucker
razorback sucker
desert pupfish
Sonoran topminnow
machete
striped mullet

Miller
(1961)

Minckley
(1979)

X
X
X

X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

Stanford and
Ward (1986c)

Mueller and
Marsh (2002)

X
X
X
X
X
X
X
X
X
X

X
X
X
X
X

X

Fig. 1. Lake Cahuilla at its maximum extent in southern California over 500 years ago.

X
X
X
X
X
X

Moyle
(2002)
E

E

X
E

X
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Table 2. Fish remains from sites in the Salton Basin by number of elements identified.
Site
Ocotillo Wells
IMP-7750
IMP-8209
IMP-3214
RIV-64
RIV-1221
RIV-1177
RIV-1176
RIV-2936
RIV-3013
RIV-3659/H
RIV-5774
RIV-5771
RIV-6225
RIV-6190
RIV-6353
RIV-6357
RIV-6484
RIV-6376
Salton City/Niland Landfill
SDI-2317/2318/H
96 sites*
TOTAL

Razorback
sucker

Bonytail

Striped
mullet

Colorado
pikeminnow

Machete

996
1772
111
28
75
46
19
35
215
2500
4
—
135
150
34
654
4
1
18
3
24
6334

141
821
12
9
12
5
4
20
9
1235
1
1
20
80
42
231
—
2
4
47
2
10,714

—
—
16
—
1
—
—
11
—
44
1
—
20
8
3
22
1
—
—
—
—
151

1
—
1
3
—
—
—
—
1
1
—
—
—
2
—
—
—
—
—
2
—
117

—
2
—
—
—
—
—
—
—
4
—
—
—
—
—
—
—
—
—
—
—
11

13,134

13,410

274

128

16

*Gobalet and Wake (2000)

TABLE 3. Fish remains identified from IMP-791 on the
Colorado River.
Taxon
CATOSTOMIDAE
Razorback sucker
CYPRINIDAE
Gila sp.
Bonytail
Roundtail chub
Colorado pikeminnow

Element Count
186
102
1
167
9
2
8

process on the ventral portion of the centrum
(Fig. 3). This process is lacking in razorback
sucker. At the transition point between the
bonytail precaudal and caudal vertebrae, the
posteroventral processes may be poorly developed and this character is equivocal. Indications that the processes have broken off would
support an identification of bonytail. The strut
on the precaudal vertebrae and the posteroventral process on caudal vertebrae are features
that distinguish all cyprinids from catostomids.
In bonytail and humpback chub, caudal peduncular centra are elongate and their neural
and hemal spines lie nearly in parallel with
the long axis of the vertebral column (Fig. 4;
see also Fig. 1 in Gehlbach and Miller 1961 and

Fig. 5 of Miller and Smith 1984). As a consequence, bonytail caudal peduncular vertebrae
are easy to spot and discriminate from Colorado pikeminnow and razorback sucker, in
which the spines are more obliquely oriented.
Roundtail chub caudal peduncular vertebrae
are also more obliquely oriented than those of
bonytail. Photographs by Miller and Smith
(1984: Fig. 5) of tail skeletons of G. robusta, G.
elegans, and G. cypha demonstrate that experience and a large comparative collection are
necessary to discriminate among members of
the Gila robusta complex.
Pikeminnow vertebrae are not likely to be
confused with any other cyprinid. Colorado
pikeminnow are the largest North American
cyprinid, and their precaudal vertebrae tend
to be short and wide relative to the diameter
and somewhat dorsoventrally compressed (Fig.
5). All species of Ptychocheilus (P. lucius, P.
grandis, P. oregonensis, and fossil materials)
have a thin midline ridge in the recess on the
dorsal surface of the centrum below the neural
arch of most vertebrae.
Macroscopic fish teeth found in the Salton
Basin will be pharyngeal teeth from bonytail,
razorback sucker, Colorado pikeminnow, or
razorback sucker. The mandibles of these fishes
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Fig. 2A, Ventrolateral view of post-Weberian (precaudal) vertebrae 11 and 12 of Gila elegans (ASU 16387) (anterior is
to the left); B, ventrolateral view of post-Weberian (precaudal) vertebrae 11 and 12 of Xyrauchen texanus (ASU 13760).

Fig. 3A, Lateral view of post-Weberian (caudal) vertebrae 25 and 26 of Gila elegans (ASU 16387, 280 mm TL) (anterior is to the left); B, lateral view of post-Weberian (caudal) vertebrae 28 and 29 of Xyrauchen texanus (ASU 13760).
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Fig. 4. Lateral view of the caudal peduncular skeleton of Gila elegans (ASU 16387). Dorsal is up and anterior is to the
left.

Fig. 5A, Lateral view of 14th precaudal vertebra of Ptychocheilus grandis (KWG 578, 485 mm SL) (anterior is to the
left); B, dorsal view of the centrum.

are edentate. Striped mullet dentaries and premaxillae are edged with serrations not recognizable as teeth, and machete teeth are microscopic, on virtually all bones lining the mouth
and pharynx, and have the feel of fine sandpaper. Pikeminnow teeth are slender, conical,

and pointed (Miller 1955: Plate IV). By contrast,
those of bonytail are robust, generally blunt or
flattened from wear, and thicker at the middle
than at either end (Fig. 6). Razorback sucker
teeth are truncate and spatulate, and they have
a narrow base; the pharyngeals contain dozens
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Fig. 6. Dorsolateral view of right pharyngeal of Gila elegans (ASU 16387, 280 mm TL). Anterior is to the right.
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Fig. 7. Ventrolateral view of midsection of the right pharyngeal of Xyrauchen texanus (ASU 13760). Anterior is to
the right.

Fig. 8. Lateral view of the anterior portion of the postcranial skeleton of Xyrauchen texanus (ASU 14881). Anterior is
to the left.

of narrow teeth that resemble a comb (Fig. 7).
James (1994) used pharyngeals to discriminate
among several catostomids with archaeological
materials. In most archaeological materials the
teeth are missing and a row of circular or oval
hollow tooth bases can be identified on a delicate, fragmentary bone. The pharyngeal teeth
of razorback sucker are extremely rare even
when 1/16-inch-mesh screens are used during
excavations.

Bonytail pharyngeal bear teeth in 2 rows
of 4 or 5 inner teeth and 2 small outer teeth
(Fig. 6; Minckley 1973, Miller 1955: Plate III).
There may be supernumerary teeth in the outer
(smaller) row (Gobalet 1992) and the tooth bases
are circular. Individual bonytail teeth and pharyngeal fragments are common in Salton Basin
middens.
Exaggerated interneurals (predorsals) immediately behind the head are a unique razorback
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C

Fig. 9A, Lateral view of the first interneural (predorsal) of Xyrauchen texanus from archaeological site IMP-7750
(anterior is to the left and dorsal is up); B, ventral view; C, anterior view.

sucker feature and are the structural elements within the “hump” (Fig. 8). The cranialmost interneural is thick and elongate, and is
the most distinctive razorback sucker feature
found in the archaeological or paleontological
record (Fig. 9; Miller 1955: Plate II). Other
fishes have interneurals, but they are thin and
laminar. Interneurals 2–6 of the razorback
sucker more closely resemble those of other
suckers. The 1st interneural of ASU 13760, a
specimen approximately 365 mm in standard
length, measures 30 mm high (dorsal–ventral)
by 32 mm long (anterior–posterior) by 11 mm
wide (medial–lateral). The lateral surfaces of
the 1st interneural possess dorsoventral ridging and a thick buttress at the midpoint (Fig.
9A). The ventral surface of the interneural
bears condylar surfaces with which the robust
Weberian apparatus parapophyses and plural
ribs articulate (Figs. 9B, C). Massive interneurals have been a razorback sucker feature
since at least the early Pliocene (Hoetker and
Gobalet 1999).
DISCUSSION
Fishes in the Salton Basin
Ninety-six sites previously reported by
Gobalet and Wake (2000) have quite similar
species representation of razorback sucker,

bonytail, striped mullet, Colorado squawfish,
and machete remains when compared with
the 21 sites reported here in the Salton Basin.
The Salton Basin displayed a rather depauperate assemblage of fishes (Table 2). In virtually
all of these new sites, razorback sucker are the
most frequently encountered. In only 3 sites
previously studied (RIV-1179, RIV-4754, and
IMP-5204), large samples dominated by bonytail skew the frequency data (Gobalet and Wake
2000). The comparative scarcity of Colorado
pikeminnow, with only 128 of a total of nearly
27,000 elements now identified to species in
the basin (0.47%), is below expectation considering the Native American preference for this
species (Castetter and Bell 1951). Rarity in the
archaeological record may reflect scarcity of
the largest native North American minnow in
Lake Cahuilla or an avoidance behavior of the
fish weirs. These weirs were noted by Treganza (1945) and Wilke (1980) and were illustrated and discussed by Gobalet and Wake
(2000).
The percentage of bonytail and razorback
sucker remains in samples from the southwest
shore of Lake Cahuilla (IMP-7750 and IMP3214) is the same as previously found in 44 sites
excavated on the Salton Sea Test Base (Gobalet
and Wake 2000). Approximately 68% of identified remains from IMP-7750 and IMP-3214 are
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razorback sucker; and 31% are bonytail. At 44
sites on the Salton Sea Test Base, percentages
were approximately 68% and 32% for more
than 3800 elements (Gobalet and Wake 2000).
This may indicate a curiously similar frequency of these species in the Lake Cahuilla
region through time.
Fishes at the Colorado
River Site
Remains from IMP-7911 on the Colorado
River 30 km downstream of Blythe, California,
are representative of what the Colorado River
fauna was like prior to 120 years ago when introductions of exotic fishes began. The expected
razorback sucker, bonytail, and Colorado pikeminnow were present, and these data suggest
that roundtail chub were residents of the Colorado River main channel as reported by
Miller and Smith (1984), Minckley (1979), and
Mueller and Marsh (2002), but not Miller
(1961), Stanford and Ward (1986c), or Moyle
(2002). Castetter and Bell (1951) did not list
them in the diet of Native Americans, which is
apparently inaccurate. James (1994) discriminated between bonytail and roundtail chubs
from Pueblo Grande on the Salt River in
Phoenix, Arizona, where they were likely consumed. Additional roundtail chub material
from sites on the Colorado River evaluated by
different specialists would be welcomed to
corroborate these findings at IMP-7911 (Gobalet 2001).
CONCLUSIONS
These recent findings further confirm that
bonytail and razorback sucker were the dominant large-bodied fishes in Lake Cahuilla.
Only a scattering of striped mullet, Colorado
pikeminnow, and machete appear in the archaeological record, with no evidence of any expected small-bodied species. Roundtail chub
are tentatively confirmed as a species of the
main channel of the lower Colorado River along
with bonytail, Colorado pikeminnow, and razorback sucker.
MATERIALS EXAMINED
Institutional abbreviations are as listed in
Leviton et al. (1985), except KWG indicates
the author’s comparative materials stored at
California State University, Bakersfield. Gila
elegans: ASU 16387, CAS 66038, CAS 25860;
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G. cypha: UMMZ 179577-5, UMMZ 178667;
G. robusta: CAS 25851, unnumbered specimen
from S.R. James; Xyrauchen texanus: ASU
13760, ASU 14881, CAS 25860, CAS 26235,
CAS 66231, LACM 43613-1; Ptychocheilus
lucius: CAS 66191, CAS 66217; P. grandis:
LACM 377277-4, KWG 539, KWG 549, KWG
578, KWG 594; P. oregonensis: KWG 347,
KWG 454; Catostomus latipinnis: KWG 3 unnumbered specimens; C. discobolus: KWG
unnumbered specimen; C. macrocheilus: KWG
550; Mugil cephalus: LACM 35486-4, KWG
247, KWG 360; Elops affinis: KWG 205, KWG
294; Tilapia mossambica: KWG unnumbered
specimen; Cynoscion xanthulus: KWG 370.
Fish remains for this study were provided
by Phil Hines (Ocotillo Wells Land Acquisition
Project of the State of California Department
of Parks and Recreation), Gary Hurd (CA-IMP3214/H Imperial County), Joan Oxendine
(Niland Landfill, Imperial County), Jamie Cleland (IMP-7911/H), Jay van Werlhof (IMP8209), Joan Brown (CA-RIV-6225), Jerry Schaefer (IMP-7750), Bruce Love (RIV-64, -1221,
-1176, -1177, -2936, -3013, -3659/H, -5774,
-6190, -6357, -6484), James Brock (RIV-6376),
and Joan Schneider (“GARRA” site, Anza Borrego State Park, San Diego County, SDI-2317/
2318/H). Fish materials were returned to these
investigators for curation.
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